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BENDING OF BODS.
[ART. 36
35. If tHe section of the beam is a rectangle having the sides EF, GH perpendicular to the plane of bending, we see by examining the expression for v and w that these sides become curved when the rod is bent, and that they have their convexities
0
H
turned towards the centre of curvature of the rod. The sides EG, FH which before bending were parallel to the plane of bending remain straight lines but are inclined to the plane of bending and tend outwards on the concave side of the rod.
The expressions found in Art. 34 for the displacements u, v, w agree with those given by Saint-Venant for one case of bending. But ivhat has been said in that article is not to be taken for a complete discussion of his problem ; for that the reader should consult a treatise on the theory of Elasticity.
The second and third assumptions of Art. 33 are included in the first, either if the circle is complete, or if proper forces are applied at the extremities of the arc. The first assumption may be regarded as following from the statement in the enunciation that the rod is uniform, without weight and bent into the form of a circular arc.
In the theory of Bernoulli and Euler these assumptions are applied to the case of any thin rod *. The theory thus extended leads to the result that the bending moment is proportional to the curvature and this result agrees with experiment. But other results of the theory are not so nearly in agreement with facts. To obtain a correct theory it is necessary to have recourse to the general equations of equilibrium of an elastic solid. In this treatise the expression for the bending moment is intended to rest on experiment (Art. 13), and the bending of a circular arc has been considered merely as the simplest example of the theory of elasticity.
36. Airy's Problem. In using standards of length two considerations have attracted attention, (1) the application of supports in such a manner as to produce no irregularities of flexure and (2) the application of such supports as will permit the expansive or contractive effects of temperature. The importance of the former was made known by Kater, that of the latter by Baily. Freedom of expansion is usually secured by supporting the body on rollers. Excessive flexure is avoided by making the rollers rest on levers which are so arranged that the weight of the body is either equally distributed over the points of support or distributed in such ratios as may be thought proper.
The flexure is so small that the mere curvature of the central Hue does not produce a sensible alteration of its length. // however the measured length is marked on the upper surface of the measuring rod, this length may be either stretched or shortened by the curvature of the central line. There may therefore be a small error in each length measured by the rod, which would be multiplied indefinitely when the whole distance measured is great. The problem is to determine how thia
* Prof. Pearson shows in The Quarterly Journal for 1889 that the results of the Bernoulli-Euleilan theory give fairly approximate formulae for the stress and strain ol beams whose diameter is one-tenth, or less, of their length.